We experimentally demonstrate that the ohmic contact of a Ni-Fe wire additionally connected to a Cu strip between an injector and detector in a nonlocal spin-valve structure signicantly suppresses the spin polarization induced in the Cu strip. This behavior is attributable to spin current absorption into the connected additional Ni- Laterally nanostructured ferro-/nonmagnetic hybrid spin injection devices provide great potentialities for developing a new class of spintronic devices as well as for investigating spin-dependent transport in more detail than vertical structures. It has been, however, difficult to detect spin-dependent signals in lateral structures because spurious magnetoresistance tends to smear intrinsic signals of interest. Recently the nonlocal probe technique to extract only spin current from the spin-polarized charge current has been proposed by Jedema et al.
Laterally nanostructured ferro-/nonmagnetic hybrid spin injection devices provide great potentialities for developing a new class of spintronic devices as well as for investigating spin-dependent transport in more detail than vertical structures. It has been, however, difficult to detect spin-dependent signals in lateral structures because spurious magnetoresistance tends to smear intrinsic signals of interest. Recently the nonlocal probe technique to extract only spin current from the spin-polarized charge current has been proposed by Jedema et al.
1,2 They succeeded in detecting the clear spinaccumulation signal by the nonlocal spin-valve (NLSV) measurement even at room temperature using injector ferro-/ non-/detector ferromagnetic (F/N/F) planar junctions. In this experiment, a ferromagnetic wire is used to detect the spin accumulation in the nonmagnet (N). We have to note here that the ferromagnet (F) connected to the N significantly affects the distribution of the spin-split electrochemical potential in the N because the spin current is preferably absorbed and equilibrated in the F.
Based on a one-dimensional spin diffusion model, [3] [4] [5] [6] the ratio of the spin splitting of the chemical potential ⌬ in N of the NLSV structure with a F detector to the chemical potential ⌬ 0 without F is analytically expressed as
where d, P and are the distance from the junction, the spin polarization of the F and the spin diffusion length of N, respectively. Q is the ratio of the resistance over the spin diffusion length F / ͑ F S F ͒ for F to that of N, / ͑S͒. Here , F , F , S and S F are the conductivity of N, that of F, the cross section of N, that of F and the spin diffusion length of F, respectively. For the spin-valve structure consisting of Ni-Fe and Cu wires, we estimate Q = 0.04 with typical parameters ( F = 4 nm, = 300 nm, F = 7.3ϫ 10 6 ⍀ −1 m −1 , =22ϫ 10 6 ⍀ −1 m −1 and P = 0.7). 1, 6 Then the values yield the ratio 0.07/ ͑1−e −2d/ ͒. Here we assumed that the connected cross sectional area of both Ni-Fe and Cu wires are the same. This relation clearly indicates that the F connected to the N suppresses the efficiency of the spin polarization in the N. In this work, we demonstrate the above explained effect using a lateral spin-valve device consisting of three ferromagnetic wires bridged by a Cu strip.
The device used in this study was fabricated by means of electron beam lithography and lift-off technique. perature. The details of the sample preparation are described elsewhere. 7 The measurement was performed by using conventional lock-in technique at room temperature in the magnetic field applied along the wire. Magnetic orientation of Ni-Fe wires can be controlled by setting the magnetic field between different switching fields of three Ni-Fe wires.
In order to examine the quality of each junction, we first performed two kinds of NLSV measurements using two neighboring ferromagnetic wires. Figures 2(a) and 2(b) show the NLSV signal measured at room temperature with Ni-Fe 1 and Ni-Fe 2 wires and that with Ni-Fe 2 and Ni-Fe 3 wires, respectively. The probe configuration of each measurement is shown in the inset of each figure. We obtained clear spin-valve signals of 0.62 and 0.42 m⍀, indicating good quality of both junctions. The difference in the magnitude of the signal is due to the fact that the electrode spacing between Ni-Fe 1 and Ni-Fe 2 wires is shorter than that between Ni-Fe 2 and Ni-Fe 3 wires.
The suppression of the spin accumulation can be demonstrated by the NLSV measurement using the same device with the different probe configuration. As mentioned above, the F connected to the N reduces the spin splitting of the chemical potential in the N and spin-valve signal. Therefore, when we perform the NLSV measurement with the Ni-Fe 1 and Ni-Fe 3 wires, the spin-valve signal is expected to be much smaller than the NLSV signal in Fig. 2. Figure 2(c) shows that the obtained small NLSV signal of 0.04 m⍀ coincides well with the above expectation. The geometrical disorder due to the additional ferromagnetic contact may also violate the spin coherence and the spin accumulation. However, we believe that such effect is negligible because of the large difference in thickness between Cu and Ni-Fe.
For comparison, we fabricated the lateral spin-valve consisting of two Ni-Fe wires separated by 600 nm spacing longer than the spacing 460 nm between the Ni-Fe 1 and Ni-Fe 3 in Fig. 1 . Widths of the Ni-Fe and Cu wires are 100 and 300 nm, respectively. The thicknesses of Ni-Fe and Cu wires are the same as those of the previous spin-valve device consisting of 3 Ni-Fe wires. The SEM image of the fabricated device is shown in the inset of Fig. 3 . If there is no suppression due to an additional ferromagnetic wire in the previous experiment, the NLSV signal of this sample should be at least smaller by a factor of about 0.7 than that of Fig.  2(c) . Figure 3 shows the NLSV signal measured in the probe configuration shown in the inset of Fig. 3 . The obtained spin signal is 0.2 m⍀ much larger than that of Fig. 2(c) . These results clearly support that the spin accumulation in the N is suppressed by the ferromagnetic wire connected to the N.
In conclusion, the effect of an additional ferromagnetic wire on the efficiency of the spin accumulation in the N was systematically studied in two different nonlocal lateral spinvalve devices (injector Ni-Fe/ Cu/ detector Ni-Fe) with and without the additional ferromagnetic wire in between the Ni-Fe wires. We found that the resistance over the spin diffusion length / ͑S͒ (spin flip resistance) in the additional wire is an important measure to judge whether the spin current tends to be sucked into the wire or not. When the spin flip resistance of the additional wire is much smaller than that of the N carrying spin currents, the spin currents tend-to flow into the additional wire to be equilibrated. This behavior happens whatever the material is as long as the condition is satisfied. 
